All harp seal populations form breeding aggregations on the Arctic pack ice. However, pack ice conditions vary spatially and temporally among these aggregations with variation in environmental and oceanographic conditions, which may affect the behavioral interactions between mothers and their newborn pups. We investigated the variation in mother-pup behavior between harp seal breeding aggregations in the NE (Greenland Sea) and NW Atlantic coastal shelf region (Front). Acoustic cues provided by the pups are thought to be important in facilitating reunions with their mothers. Consequently, we measured variation in vocal parameters among seals to investigate geographic differences in pup vocalizations. Classification trees showed a distinctive split between Front and Greenland Sea pup vocalizations. There were no clear differences between male and female pups at the Front, where 42% of male and 38% of female pup calls could be attributed to a given individual. This contrasts with the Greenland Sea, where 55% of vocalizations of female pups were attributed to individuals compared with only 8% for males. Analyses of behavioral observations of mother-pup pairs made in the afternoon and evening showed that pups in the Greenland Sea suckled more and were more alert than pups in the Front. Further, mother-pup attendance patterns differed between sites. Mothers at the Front attended their pups 85.1% of the time, whereas mothers in the Greenland Sea attended their pups 52.2% of the time. These substantial differences between sites might be related to evolutionary changes in behavior resulting from commercial hunting or variable environmental conditions.
INTRODUCTION
Geographic variation in behavioral traits offers opportunities to make inferences about selective pressures that may influence behavior and the degree of differentiation among populations. Geographic variation in behavioral traits is common to a variety of taxa and has been described in various behavioral contexts ranging from dietary preferences in garter snakes Thamnophis elegans to migratory routes in blackcaps Sylvia atricapilla and antipredator behavior in ground squirrels Spermophilus beecheyi (see Foster 1999 for a review). Research efforts into geographic variation in behavioral traits have, however, largely focused on variation in behavior of adults within populations. Less is known about differences in the behavior of young and juveniles.
In pinnipeds, geographic variation in behavioral traits such as mother-offspring interactions and male display behavior has been documented in a number of species (Terhune 1994 , McCulloch & Boness 2000 , Van Parijs et al. 2000 . Several studies have also reported geographic variation in the vocalizations of pinniped species. In harbour seals Phoca vitulina, variation in vocal behavior occurs between genetically isolated populations. However, site-specific vocalizations are also present between genetically mixed groups, suggesting site-specific selection for changes in certain vocal parameters that may be driven by local ecology or climate or both (Van Parijs et al. 2000 , 2003 .
In many pinniped species vocal behavior is important in female recognition of offspring during the lactation period (Insley et al. 2003) . Insley (1992) suggested that although many pinniped species exhibit individually stereotyped vocalizations, the degree to which selection has favoured development of a vocal recognition system may vary with the reproductive environment of different species. Female grey seals in 2 reproductively isolated populations were found to respond differently to playbacks of vocalizations of their own pups (McCulloch & Boness 2000) . Females on Sable Island, Nova Scotia, were found to discriminate between calls of their own and non-filial pups, while on the Isle of May, females failed to recognize the calls of their own pup (McCulloch et al. 1999) . The fact that allo-suckling (i.e. non-offspring nursing) was more frequently observed in pups on the Isle of May than on Sable Island may also indicate differences in pup behavior between the 2 colonies.
In ice-breeding seals, females form dispersed aggregations on the ice during the breeding season (Lydersen & Kovacs 1999 , Van Parijs et al. 2001 . In most species, females may have to forage to sustain late lactation, leaving their pup alone on the ice (e.g. Testa et al. 1989 , Lydersen & Kovacs 1999 . The relocation process is often complicated by hourly or daily movements of the ice, causing pups to drift away from where they were when their mothers left. However, the stability of the breeding substrate used can differ substantially between different species and sites, ranging from large stable ice floes with breathing holes through which females return to their young, to small mobile ice floes or pack ice, the location and size of which is often heavily influenced by currents and weather conditions (Terhune et al. 1979 , Lydersen & Kovacs 1993 . To date, little is known about which, and how, factors such as the role of ice conditions influence mother-pup reunions in most ice-breeding seals.
Harp seals Pagophilus groenlandicus are ice-breeding seals and the most abundant pinnipeds in the North Atlantic. There are 3 populations: (1) the White Sea/Barents Sea population, (2) the NW Atlantic population, subdivided into a Gulf of St Lawrence ('Gulf') component and a coastal shelf component off NE Newfoundland and/or southern Labrador ('Front'), and (3) the Greenland Sea (NE Atlantic) population, which breeds on the pack ice between eastern Greenland and Jan Mayen (Sergeant 1991) . Several studies have found genetic separation between NE and NW Atlantic harp seals (Meisfjord & Sundt 1996 , Perry et al. 2000 .
All harp seal populations form large breeding aggregations on the ice. The whelping period varies somewhat between populations, but is strongly synchronous within populations, with the majority of pups in an aggregation born within a very short (3 to 4 d) period. Nursing lasts around 10 to 12 d (Sergeant 1991) . During this period females spend a few hours each day in the water, leaving their pups alone on the ice. Alongside visual, olfactory and spatial cues, acoustic cues provided by the pup are likely to play an important role in the relocation process. Ice conditions, such as the rate of ice drift, the type of ice that is used for breeding and ice concentration, vary annually and between the different breeding locations of populations (Wilkinson & Wadhams 2005 , Friedlaender et al. 2007 ). The breeding substrate in the Gulf of St. Lawrence consists of large stable ice planes with breathing holes. It is thought that this substrate enables the female to predominantly use spatial cues during the relocation of her pup (Kovacs 1995) . In contrast to the situation in the Gulf, the ice pack encountered off Newfoundland (Front) is usually made up of small mobile seasonal (first-year) ice floes (G. Stenson pers. obs.). In the NE Atlantic, the ice pack encountered in the Greenland Sea mainly consists of perennial (multi-year) ice floes. Each of these ice types has distinctive physical (e.g. thickness, albedo and roughness) and biological characteristics (Snack-Schiel 2003) .
Our aims in this study were to investigate (1) whether vocal characteristics of harp seal pups vary geographically, and (2) whether behaviors of mothers and their pups differ between the breeding areas in the Front and the Greenland Sea.
MATERIALS AND METHODS

Data collection.
We recorded vocalizations and behavior of suckling harp seal pups and female attendance patterns during 2 study periods at 4 breeding sites, 2 in the Greenland Sea and 2 off southern Labrador-northeast coast of Newfoundland (Front). Because of the difference in timing of whelping in the 2 areas, the study in the Greenland Sea was carried out from 18 to 30 March 2002 and the study in the Front was conducted from 10 to 22 March 2004 to ensure that pups of similar age were present.
Data collection for the Greenland Sea and the Front were carried out in conjunction with harp seal abundance surveys run by the Institute of Marine Research in Norway and the Department of Fisheries and Oceans in Canada (see Haug et al. 2006 and Stenson et al. 2005 for descriptions of the surveys). Once breeding aggre-gations were located, data collection on mothers and pups was carried out from ice-strengthened vessels either directly or as a base for helicopters.
The breeding aggregations in the Greenland Sea were situated in the pack ice areas northeast of Jan Mayen, centred around 72°14' N, 12°43' W (Patch GS-A) and 72°10' N, 13°10' W (Patch GS-B, Fig. 1 ). These correspond to patches A and B in Haug et al. (2006) . At the Front, the patches were situated off the coast of southern Labrador around 50°46' N, 55°19' W (F-A) and 51°28' N, 55°07' W (F-B, Fig. 1 ). These were referred to as the Cartwright and Belle Isle concentrations, respectively, by Stenson et al. (2005) . The estimate of the number of pups in patch GS-A was 4700 and in patch GS-B was 82 600 (Haug et al. 2006) ; the estimate in patch F-A was 368 705 and in patch F-B was 272 074 pups (Stenson et al. 2005) .
Pup vocalizations. We chose groups of pups to record based on safe access by helicopter or vessel to ice floes where several pups were within walking distance. The helicopter landed within a few meters of the nearest mother-pup pair. Landings and lift-offs were as short as possible in order to minimize disturbance. Helicopter landings frequently caused the nearest pups to start vocalizing, while mothers sometimes left the ice. However, mothers and pups were usually reunited within minutes of the helicopter taking off. In the case that females and their pups were noticeably disturbed by the helicopter landing and take off, we concentrated on recording pups that showed no disturbance or waited until behavior of disturbed animals had returned to normal before recording. In the Greenland Sea herd we caught all pups that we recorded and tagged them with a Dalton roto-tag in the webbing of the right rear flipper. This tag has been developed for long-term identification of domestic sheep and goats. Studies on a variety of species have shown that piercing caused by the insertion of the rototag heals quickly, with no apparent detrimental effect on the behavior of the individuals or apparent change in behavior of other individuals towards tagged individuals (Testa & Rothery 1992) . In harp seals, the wound caused by insertion of the roto-tag caused little to no bleeding and had healed cleanly in all pups that were revisited on subsequent days. During the tagging and recording procedures, mothers left their pups and watched from a distance either from another flow or from the water. For all pups tagged during this study, reunion between mother and pup occurred within minutes after the observers left the pup. At the Front, study areas were marked with dye and visited only once to make acoustic recordings of individual pups. Within each study area recordings were made of 5 to 10 ind. and the recorder was therefore able to visually identify which pups had been recorded.
We determined the sex and approximate age (based on pelage-specific developmental stages; see Table 2 in Kovacs 1987) of each pup in both areas.
We used an MD 421-II microphone (Sennheiser; sensitivity 170 dB, frequency bandwidth 36 Hz to 17 kHz ± 3 dB) connected to a TCD-D8 digital audiotape recorder (Sony; frequency response 5 Hz to 22 kHz) to record pup vocalizations. The microphone was held 0.1 to 0.3 m from the vocalizing pup. Recordings were made for about 5 min for each pup and included 51 calls, on average, for each pup in both areas. The responses to our presence varied among pups, but overall they showed little or no reaction when we approached closely to record. Recording techniques were similar at each site to minimize variation in pup response to the recordings. The recordings were re-sampled (sampling frequency 22 kHz, dynamic range 170 dB; the highest frequencies within pup vocalizations were below 11 kHz) and spectrographic analyses (fast Fourier transformations -time resolution: 10 ms; frequency resolution: 102 Hz; FFT size: 512) were conducted using the sound analysis program Raven 1.2 (Bioacoustics Research Program, Cornell Lab of Ornithology). Calls for which one or more of the vari- ables could not be measured were omitted from the analyses. Using overall call shape, each signal was assigned a signal type (i.e. tonal call, pulsed call or a combination of the 2; see Miller & Murray 1995 , Fig. 2 in Van Opzeeland & Van Parijs 2004 . Tonal calls typically had a harmonic structure. Pulsed calls were characterized by a pulsed signal, lacking harmonic structure. As several acoustic variables could not be measured from the pulsed and combination vocalizations, these signal types were not included in subsequent analyses. Therefore we only used tonal calls in these analyses. Our recordings were consistent with the observations of Kovacs (1987) , that tonal vocalizations were primarily associated with nursing, whereas pulsed signals were clearly related to situations in which pups felt threatened by the presence of the recorder or other seals nearby and were not considered to be pure mother attraction calls. Individuals with fewer than 15 recorded tonal vocalizations were excluded from analyses.
For the Front, we measured 10 vocal parameters for each tonal call ( Fig. 2): (1) call duration (DURN); (2 to 4) three harmonics of greatest amplitude (PF1 to PF3); (5) the number of harmonics (HARM); (6) the maximum frequency of the lower harmonic (SH1); (7) the maximum frequency of the second harmonic (EH1); (8) the duration of the ascending part of the call (DURASC); (9) the duration of the plateau part (DURPLAT); and (10) the duration of the descending part of the call (DURDESC). In an earlier study on harp seal pup vocal behavior (Van Opzeeland & Van Parijs 2004), these parameters were measured for a subset of the data from the Greenland Sea (10 randomly selected individuals: N = 5 males and 5 females) to explore which parameters were important in individual variation. Seven vocal parameters (1 to 7) were highlighted as important. Therefore for the Greenland Sea data set, further analysis of the whole data set of tonal calls was carried out on only 7 of the vocal parameters (see Van Opzeeland & Van Parijs 2004 for more details).
Because of wind noise during recordings made at the Front we could not make good counts for HARM values in many cases. Consequently, we removed this parameter (i.e. HARM) from the Front data set. We included 9 vocal parameters in further analyses of the Front data.
We assessed variation in vocal parameters among pups using classification trees (CART). The data did not follow a normal distribution and were therefore log-transformed. Analyses were carried out in R (R Development Core Team 2007, version 2.5.1, www. R-project.org), running under MS Windows; and the RPART library (v.3.1-36, Therneau & Atkinson 2004) for CARTs. As opposed to other multivariate techniques such as discriminant analyses and principal component analyses, CART analyses provide a useful technique for exploring multivariate nonparametric data. Furthermore, CART analyses produce a result that is readily visually accessible (see Risch et al. 2007 for a detailed explanation of this analysis). We used 9 vocal parameters for analyses of Front data except when comparing them with data from the Greenland Sea, when we used only the 7 vocal parameters obtained from both areas in the comparative analyses.
Mother-pup behavior. Visual observations of mother-pup behavior were made from the ship drifting within the whelping aggregations using 7 × 50 binoculars (Zeiss) over 10 d in the Front and 13 d in the Greenland Sea. Behavioral observations in both areas were made when no persons were on the ice. We recorded behaviors of pups and female attendance patterns in 30 min blocks using scan sampling of motherpup pairs at 30 s intervals (according to the methods used by Kovacs 1987 in the Gulf of St. Lawrence). Because of the relatively large distance between the observer and the mother-pup pairs we were not able to determine the sex of the pups observed from the ship. We defined female attendance as the time spent by the female on the ice in the same area as her pup, regardless of her behavioral state (Kovacs 1987) . There is a diurnal pattern to these attendance patterns with attendance increasing in the late afternoon and evening (Kovacs 1987) . In the Greenland Sea behavior was recorded between 16:00 and 19:30 h. A few observations were also made before 16:00 h, but there were too few to include in the analyses. At the Front we made observations between 07:00 and 17:00 h. Because of latitudinal differences between the 2 study sites (Fig 1) , time prior to local sunset differed between the 2 sites. Therefore, analyzing the data between 16:00 and 17:00 h, when data collection overlapped between the 2 sites, would not completely preclude some time-of-day effect. Therefore, we restricted the analyses to data collected after 16:00 h.
We observed 3 to 6 mother-pup pairs simultaneously; the developmental stage of each pup and behavioral state was determined for each seal under observation on each scan. Behavioral states were defined according to Kovacs 1987 (Table 1) . Although Kovacs (1987) identified 18 behaviors, we did not observe all of the behaviors in either the Greenland Sea or the Front. Four of the behaviors (sexual, low threat, high threat, and fighting) were not observed in either study area. Four others (presentation, check pup, foreign social, and pup agonistic) were seen only in the Greenland Sea. Behavioral states for which there were < 2 observations were eliminated from the set. Eight units of behavior (idle, comfort movements, nursing, nosing, locomotion, swimming, exploration, and alert) were observed often enough for analyses.
In line with Kovacs (1987) , we selected pups opportunistically during scanning sessions, without reference to maternal presence or absence. Each observation session lasted 30 min, after which a new set of mother-pup pairs was selected and a new session started. Because the research vessel was drifting through the ice pack, 30 min was a conservative limit during which all pairs clearly remained within visual range. No pairs were sampled for more than 1 session. A linear model tested for the effects of site, pup stage and site-stage inter- action. We tested whether the suite of behaviors displayed by pups varied by site, pup stage class, and the interaction between these. We did this using the matrix of behavior with pups as rows, behaviors as columns. Behavioral matrices were compared using the function Adonis in vegan R-package (v. 1.8-8, Oksanen et al. 2007 ), running what is functionally a nonparametric MANOVA (Anderson 2001) . This technique partitions sums of squares of a multivariate data set, thus allowing hypothesis testing. It differs from MANOVA (but is similar to AMOVA, Excoffier et al. 1992 ) in using the outer product matrix of the response matrix (MANOVA uses the inner product matrix). By doing so, semi-metric or metric distance matrices can be tested (Anderson 2001 , Oksanen et al. 2007 ). Significance testing is achieved through permutations of raw data (Oksanen et al. 2007 ).
The matrix was row-standardized so that the analysis was of the proportions of different units of behavior exhibited by individual seal pups. As the data were proportions of unbalanced count data, we used Horn's modification of Morisita's index (Oksanen et al. 2007) to generate a distance matrix from the standardized behavioral matrix. Testing of the linear model was based on 1000 permutations.
In addition, we tested whether there was a site effect on female attendance. As the data were binomial (females present or absent) and over-dispersed (mean 39.9, variance 512.98), we ran a quasi-binomial generalized linear model (Venables & Ripley 2002) with logistic link function. This analysis was carried out using R (v.2.5.1) and the MASS library (v.7.2-36, Venables & Ripley 2002) . Where significance was tested for, we accepted an α value of 0.05 as significant.
RESULTS
Vocal behavior of pups
After quality selection of the Front data set, 984 calls from 25 pups (12 males, 13 females) were suitable for further analyses (Tables 2 & 3 ).
An initial 33-node classification tree was pruned with cross-validation. The 1-SE rule (i.e. the smallest tree for which the cross-validated relative error rate is within 1 SE of the minimum; De'ath & Fabricius 2000) suggested that the appropriate descriptive tree was one with 11 nodes (Fig. 3) . The analysis correctly classified 32% (315 out of 984) of calls according to individual for the Front data set (Fig. 3) . The first major split was based on PF1. The next 2 splits occurred at SH1 and at other values of PF1, followed by splits based on DURN and SH1. Of the 13 female pups, 38% were classified correctly according to individual. For the 12 males, 42% were correctly classified. For the Greenland Sea data set, 43% of calls were correctly classified according to individual. The first major split was based on PF3 and separated male and female pups. Of the 42 female pups, 55% were classified correctly according to individual, whereas 8% of 49 male pups were correctly classified. Table 2 In order to compare pup vocal behavior between the Greenland Sea and the Front, a CART was run, using site as response variable. With no misclassifications, 100% of the variation in pup calls was explained in the first split, demonstrating a clear difference between pup vocal characteristics and site. DURN was found to be the vocal parameter driving the split between pup calls recorded in the Greenland Sea and pup calls recorded in the Front. Pups from the Greenland Sea had calls that were longer in duration (greater than 1.2 s) compared with Front pups. Table 4 summarizes the results of the CARTs for individual and sex differences within vocalizations recorded in the Greenland Sea and the Front.
Mother-pup behavior
A total of 46 h of scan samples were collected and a total of 91 mother-pup pairs were observed in the Greenland Sea (N = 4941 observations). In the Front, 85 h of scan samples were collected and a total of 180 pairs (N = 10 657 observations) were observed. After discarding data collected before 16:00 h, there were data on 136 pups (58 Front, 78 Greenland Sea). Kovacs's (1987) units of behavior were used (Table 1) . As data were collected on only 2 Stage 4 pups at either site, these were concatenated with Stage 3 pups into a Stage 3+ category. There was a significant Site effect, but no effect of Stage or Site × Stage interaction ( Table 5) .
Review of the raw data (Fig. 4) suggested that pups in the Front spent more time idle, whereas Greenland Sea pups suckled more and were more alert than pups at the Front. We tested whether there was a site effect on female attendance using a quasi-binomial generalized linear model (GLM) with log link (Venables & Ripley 2002) . This demonstrated a significant effect of site on female attendance. Females in the Greenland Sea were less likely to be present on the ice with their pups than those at the Front (Table 6 ). In late afternoon and evening, females in the Greenland Sea were with their pups around half the time (average time in attendance = 52.2 ± 38.69%, mean ± SD). At the Front, females were in attendance most of the time (85.1 ± 28.69%). 
SH1<2.75 Fig. 3 . Pagophilus groenlandicus. An 11-node classification tree showing how vocalizations from 25 harp seal pups recorded in the Canadian Front split, based on log-transformed data of 12 measured vocal parameters: call duration (DURN), 3 harmonics of greatest amplitude (PF1-PF3), the maximum frequency of the lower and 2nd harmonic (SH1, EH1, respectively). Letters at the bottom of the tree represent individual pups. Percentages indicate the percentage of calls that were classified correctly according to individual for the individual pups. Twelve of the 25 ind. were extracted by this analysis, explaining 52% of the total variation. The vertical depth of each split explains the proportion of total variation explained by that split. Splits early in the tree (i.e. near the top of the page) account for more variability in the data than those lower down in the tree 
DISCUSSION
Pup vocal behavior
We investigated the vocal behavior of harp seal pups in the Front by exploring a range of acoustic parameters, most of which have been shown to be important for recognition between mothers and pups in other pinnipeds (Insley 1992 , Charrier et al. 2002 , Insley et al. 2003 ). There was low variation (~40%) among pups at the Front, perhaps owing to confounding factors, such as age and sex. Nonetheless, we think that this low variation suggests that vocal recognition may not be the sole means of recognition between mother and pup harp seal pairs in the Front. Other studies of the Canadian harp seal population in the Gulf of St. Lawrence reached similar conclusions and suggested that olfaction and the use of spatial memory were likely important cues for the relocation and recognition of pups by females (Terhune et al. 1979 , Kovacs 1987 , 1995 .
Our analyses of vocal behavior of harp seal pups from the Greenland Sea showed a significantly higher proportion of correctly classified vocalizations for female pups than for male pups, suggesting that vocalizations of female pups are considerably more distinct than those of male pups (Van Opzeeland & Van Parijs 2004) . Similar analyses of harp seal pup vocal behavior in the Front, however, showed no significant differences between the proportion of correctly classified vocalizations for female and male pups. For the Greenland Sea it was suggested that female harp seal pup individuality may serve a function during later developmental age classes (Van Opzeeland & Van Parijs 2004) . Adult female harp seals are evidently faithful to particular locations (Sergeant 1991 , Perry et al. 2000 , which may lead to selection for distinctive vocalizations among related females. However, unless females exhibit population level differences in their behavior patterns, this hypothesis would not explain the similar proportions of correctly classified vocalizations observed between males and female pups at the Front. The duration of vocalizations of pups was the acoustic parameter that separated calls of pups according to location. Pup calls recorded in the Greenland Sea were longer than calls recorded in the Front. Several studies have suggested that lengthening of calls may be a response to reduce overlap with conspecific calls, which may occur in dense aggregations of animals (Watkins & Schevill 1968 ). However, the sizes of the Greenland Sea breeding patches were smaller compared to the Front breeding patches (4700 and 82 600 pups in the Greenland Sea vs. 368 705 and 272 074 pups in the Front). Although we do not have detailed breeding patch density estimations, we do not think that a difference in density of the 2 harp seal breeding aggregations can explain the observed differences in durations of calls of pups. Perry & Terhune (1999) reported variation in underwater vocalizations of adult harp seals among different breeding locations. Vocalizations obtained from the Gulf and Front components did not differ from each other, but did differ from the underwater vocalizations from the Greenland Sea herd (Perry & Terhune 1999) . Similarly, we found evidence for geographic variation in vocal behavior of harp seal pups, perhaps owing to several factors though the reasons for these differences are not clear.
Mother-pup behavior
Female attendance differed significantly between the 2 sites; the age of the pup was not a significant factor to explain these differences. In the Greenland Sea, mothers attended pups for fewer hours in the afternoon and evening, and nursed their pups for longer periods, compared to mothers in the Front. There are several possible explanations for what may be driving the behavioral and acoustic differences between these populations, some of which may act in combination.
Females may have adjusted their behavior in response to hunting by humans to maximize their time in the water. We do not think that the risk of predation by polar bears can explain these differences, as very few bears evidently travel out as far as the northern Greenland ice, compared with significant polar bear presence at the Front (Wiig et al. 2003) . However, harp seals have been harvested commercially since the 1700s, with the Canadian hunt starting earlier than the Greenland Sea hunt (Haug et al. 2006 , Skaug et al 2007 . Although the current hunt in the Greenland Sea is almost 2 orders of magnitude smaller than the Canadian hunt, the Greenland Sea population has been reduced to a smaller proportion of its initial population size than the Canadian population (Hammill & Stenson 2007 , Skaug et al. 2007 and current pup production in the Greenland Sea is approximately an order of magnitude smaller than that in Canadian waters (Haug et al. 2006 ). Harvesting might have evolutionary consequences depending on the intensity of the hunt and the age classes targeted (Coltman 2008 , Wirsing et al. 2008 .
Geographic location and density might also affect maternal behavior as there was a large difference in the sizes of the Greenland Sea and Front breeding patches. Previous studies report varying effects of population density on maternal behavior (e.g. Boness et al. 1998 , Bradshaw et al. 2000 . However, more data, including detailed density estimations, behavioral observations on mothers and estimates of pup condition, are necessary to investigate the potential effect of whelping patch density on harp seal mother-pup behavior.
Some phocids might adjust their diving behavior and the timing of foraging in response to prey availability and movements (Kooyman 1975 , Burns et al. 2008 . Female harp seals leave their pups during the lactation period to forage under the ice. Therefore, site-specific differences in temporal patterns of prey behavior may also influence female attendance patterns.
Environmental conditions such as ice thickness, weather (i.e. wind speed, air temperature), or both, fluctuate substantially among sites and years. Weather conditions have been suggested to influence haul out patterns of females with pups in several ice-breeding seal species (Finley 1979 , Thomas & DeMaster 1983 . The observed differences in mother-pup behavior could therefore be related to geographic differences in environmental conditions. Recent climatic variations have resulted in changes in the dynamics of ice and thaw, increasing the unpredictability of ice cover in all Arctic areas (Tynan & DeMaster 1997 , Serreze et al. 2003 . Serreze et al. (2003) reported a record minimum Arctic sea ice extent in 2002, the year during which the behavioral and acoustic data were collected in the Greenland Sea. In addition, several studies suggest that the largest decreases in sea ice extent as a result of climate change occur in areas with multi-year ice (e.g. Serreze et al. 2003 , Nghiem et al. 2007 . To examine whether the ice extent and composition in 2002 in the Greenland Sea differed from other years, we used data from the Center for Satellite Exploitation and Research (CERSAT, http://cersat.ifremer.fr) database to plot the backscatter coefficients and sea ice concentration for March for both study areas over a period of 6 yr. Sea ice concentration indicates the sea ice extent (areas with <15% ice concentration represent open water). The backscatter coefficient provides information on the sea-ice age: low backscatter coefficients indicate pure firstyear ice, whereas high backscatter coefficients indicate pure multi-year ice that has survived the melt period and is less saline than first-year ice. Intermediate coefficient values represent mixed ice types. When we compared backscatter and sea-ice concentration data from March 2000 to 2006 for both areas, the plots did not show a clear difference in ice type composition within areas over this 6 yr period; multi-year ice was consistently the predominant ice type in the Greenland Sea, whereas the Front was made up of first-year ice (Fig. 5 ). Sea ice concentration data also did not show clear differences between years within both areas. Nevertheless, when the ice extent within areas where whelping patches were located were compared between years, the ice extent in the Front area was low in 2004 compared to the other years, whereas it remained fairly constant over 2000 to 2006 in the Greenland Sea whelping patch area (Fig. 5) . Friedlaender et al. (2007) reported the sea ice cover in the Front to have been below average ice cover in the period 1996 to 2006 and suggested that lack of solid ice may result in reduced reproductive success of adult harp and hooded seal females, increased pup mortality and changes in food availability. The observed differences in harp seal mother-pup behavior between the 2 sites could therefore be a result of the low sea ice extent in 2004 in the Front area, suggesting that the observed differences are a mere year-effect and potentially differ from years with average sea ice cover extent. However, as sea ice GS: Greenland Sea extent has been below average for several years in this area (Friedlaender et al. 2007) , differences in harp seal mother-pup behavior in the Front area may also reflect the effects of persistent changes in ice extent. In bearded seals, it has been shown that fluctuations in ice cover can affect the number of displaying males and their display behavior . It is plausible that changing ice conditions also influence female behavior. A number of plausible hypotheses exist that may explain the behavioral and acoustic variability observed in female harp seals and their pups within this study. However, the one conclusion that can be drawn from this study is that there is still little understanding with regards to the behavioral ecology of these populations and the drivers behind the decision-making processes for this species. The results of this study indicate that in addition to the traditional methods of studying population dynamics and ecology, behavioral studies can provide further insights into differentiation of populations and the potential effects of changing environments on populations. Given drastic climatic changes facing the Arctic, the current lack of data is likely to impede us in understanding the effects of habitat loss on harp seal populations world wide. 
